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INTRODUCTION. 


Certain features of the Mexican cave 
naracins and their surface dwelling rela- 
ves make them particularly useful in 
wadies of comparative behavior concerning 
ae effects of vision or its lack. The normally 
lind cave form described as Anoptichthys 
erdant by Hubbs and Innes (1936) is genet- 
pally continuous with the deriving form, 
sstyanax mexicanus (Filippi), as has been 
edicated by Breder (1942). Laboratory 
cud- by Breder and Gresser (1941la, 

nd Breder and Rasquin (1943) have 
ay, ulat the locomotor activity of the eyed 

id blind fishes is distinctly different. Those 
ith vision remain for the most part in a 
uiescent aggregation, while both the nor- 
pally and operationally blind individuals 
saintain a continuous random wandering. 
the important role of vision in the schooling 
bhavior of all fish species so far studied, 

well known, as is the fact that the other 
menses provide for only a limited aggregating 
rndency. 

‘The above-mentioned studies apply to 
hes in the presence of light since it is 
s;anifestly impossible to make direct obser- 
ations in total darkness. Since Breder and 
resser (1941a) have shown that the blind 
nve fish are negatively phototropic and 
vreder and Rasquin (1948) that blinded 
iver fish take on the wandering character- 
tic of the normally blind cave fish, it be- 
»mes obviously desirable to obtain some 
‘timate of what such fishes actually do in 
‘locomotor sense in an environment of total 
arkness. It is the purpose of this study to 
»termine whether or not there is a measur- 
ole differential in the activity of both blind 
tite fishes in light and in darkness. 
there is, in general, a proportionality 
ween oxygen consumption and activity of 
ly sensitive degree, as has been indi- 
y Schlaifer (1938), a method com- 
to his has been employed. 
addition to the above main purpose of 
tudy it has also been possible to com- 
behavior of such fishes alone and 
ps. Some fishes have differing oxygen 


consumption rates, dependent on their degree 
of isolation, as has been indicated by 
Schlaifer (1939). Furthermore, he was 
able to determine that goldfish have a dis- 
tinctly higher rate of oxygen consumption 
in the light than in the dark. Shaw, Escobar 
and Baldwin (1938) showed that the loco- 
motor activity of the goldfish is reduced over 
a period of 96 hours to one-half or one-third 
the usual rate by very low illumination. 

The basic question concerned with wheth- 
er there is a fundamental difference in the 
metabolic rate of the blind and eyed fish, 
or whether any detectable differences are 
merely referable to the presence or absence 
of vision, is covered by experiments involved 
in work on the preceding items. The results 
and their significance in terms of differences 
between these types of fishes, their compari- 
son with goldfish and the problem of cave 
entry and establishment therein in ecolog- 
ical and evolutionary terms, is covered in 
the discussion. 

The experimental part of this study was 
carried out in the laboratories of the De- 
partment of Animal Behavior of the Amer- 
ican Museum of Natural History through 
the courtesy of the department’s Chairman, 
Dr. Frank A. Beach. 


MATERIALS AND METHODS. 


Determinations of dissolved oxygen were 
made by means of the permanganate mod- 
ification of the Winkler method. This mod- 
ified technique, suggested by Allee and Oest- 
ing (1934) and described in the American 
Public Health Association Manual (1943), 
eliminates the error caused by nitrites in 
the water. 

The apparatus devised for these tests is 
shown in Text-fig. 1, the structural details 
of which may be briefly summarized as fol- 
lows. In use the test chamber E is filled 
with water from reservoir R. The animal 
undergoing test is introduced into chamber 
E and allowed to remain there for a mini- 
mum of 17 hours. This period enables the 
fish to acclimate itself to the experimental 
surroundings. Chamber E, which is a two 
liter jar, is then filled to overflowing and a 
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rubber stopper, through which pass three 
glass tubes, is inserted, making certain that 
no air bubbles are trapped. Needle valve N 
is set to admit air very slowly. With stop 
cocks 4 and 8 closed, 1 and 2 are opened. 
This causes balloon B to expand and drive 
water back into reservoir R. If an air bub- 
ble is accidently caught in the glass tubing 
leading from the reservoir to the animal 
chamber, it is thus voided into the open res- 
ervoir. With cocks 2 and 8 closed, 4 and 1 
are opened. This causes the balloon to de- 
flate and water returns to E with no en- 
trained air. With cocks 2 and 4 closed, 1 and 
3 are opened. This causes a flow from R 
through E and out of the outlet tube. This 
flow is allowed to continue until E has cleared 
itself thoroughly. 


TEXT-FIG. 1. Diagram of apparatus used to deter- 
mine oxygen consumption of blind and eyed 
characins. B = balloon, E = experimental cham- 
ber, N = needle valve, O = water sample bottle, 
R= reservoir of water supply, 1, 2, 3, 4 = glass 
stop cocks. 


Samples of water for analysis are collected 
in 250 ce. bottles as suggested by American 
Public Health Association Manual (1943). 
To withdraw a sample the outlet tube is al- 
lowed to reach down to the bottom of bottle 
O. The first sample is collected after E is 
thoroughly cleared, by merely allowing the 
flow to continue from R through E and out 
of the outlet tube into the sample bottle. 
The water is allowed to overflow in the sam- 
ple bottle in order to eliminate the surface 
water which is contaminated by the air that 
is present in the bottle before filling. All the 
stop cocks are then closed and the apparatus 
is in operating condition. To collect a sam- 
ple at the end of the test period stop cocks 
3 and 2 are opened so that the balloon ex- 
pands slowly and water passes out of the 
outlet into the sample bottle. Before the sam- 
ple is actually collected, however, a small 
amount of water is allowed to run to waste 


_ equal to that in the outlet pipe. To reset the 


_ Heavy mineral oil was used by him to pre 


| 
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ji 
apparatus stop cocks 2 and 3 are closed } 
whereas 1 and 4 are opened. When the bal- 
loon is deflated cock 4 is closed and 3 is} 
opened in order to flush out the old contents} 
of animal chamber E. The difference be-| 
tween the oxygen content of the water in! 
the animal chamber at the start of the test 
and at the completion of the test 1s a meas- 
‘lire of the oxygen consumption of the fish. 
The water in the reservoir was kept in a con- 
ditioned state throughout the experiment} 
by using it as a storage space for reservef 
fish. { 
When the experiments were performed} 
involving total darkness, test chamber E was} 
placed in a tall can which had been paintedj 
black on the inside as well as the outside.§ 
A covering, made of several layers of heavy{ 
black cloth, was fitted over the can and de- 
signed to snugly enclose the top of chamber 
E. The stop cocks and glass tubing leading? 
directly to and from the test chamber were 
completely covered with black tape. When 
the apparatus was in operating condition, 
a large piece of heavy black cloth was thrown 
over the entire apparatus. Thus light was 
effectively excluded without sacrificing an 
of the necessary controls. 

This closed system type of respirometer 
was employed in spite of the objection tha 
the closed method allows the products of 
metabolism to accumulate and the CO: ten- 
sion to increase, thus modifying the oxyge 
consumption readings. The continuous flow 
respirometers used by Keys (1930), Etkin, 
Root and Mofshin (1940), Wells (1935) 
Adkins (1930), and others eliminate these 
uncertainties but similarly are not absolute 
measures of the oxygen consumption of th 
animal. In all of these latter methods the 
rate of flow varies according to the operator 
and the oxygen consumption reading is di-+ 
rectly dependent upon how fast or how slow 
the water is allowed to circulate throug 
the system. Thus the oxygen consumption 
reading is always a relative figure. Since 
both methods apparently possess their ow 
peculiar disadvantages and advantages, it 
was decided to employ the much simpler 
closed system type of respirometer for the 
present work. The fact that the values ob 
tained are not absolute is hardly important 
because the problem at hand involves only z 
comparison of oxygen consumption rates 
Any modification in readings should be con- 
sistent throughout. $ 

Schlaifer (1938) also employed the closec 
system type of respirometer in determin 
ing the oxygen consumption of goldfish 


vent the leakage of oxygen from the air int¢ 
the water during the experiments. The mair 
disadvantage of this method, as discussec 
by Schlaifer, is that mineral oil is not a er: 
fect seal. He showed that there was a leak. 
age of 1.15 per cent. to 1.55 per cent. of t 
total oxygen available in both his 6 liter an 
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.2 liter tanks in three hours. However, since 
ae was interested in comparative values, his 
ionclusions were not altered. In the present 
vork it was decided not to use this method, 
m spite of the fact that comparative data 
vere also sought, since mineral oil might 
prove very costly to the test fish. If the ani- 
mal swam to the interface between the oil 
ind water, the gills could become clogged 
vith oil and death might result. 

The balloon, which is used in the present 
vork to force the water into and out of the 
sest chamber, seems to eliminate most of 
the disadvantages of previously used sys- 
zems and in addition is much cleaner and 
more easily operated, the entire contro! be- 
mg governed by five valves. 

The fishes chosen for test were selected 
-0 as to be comparable in size and condition. 
Their length was between 4.2 cm. and 6.0 
rm. in standard length, and their weight 
vas between 2.7 g. and 5.6 g. Each fish was 
mtroduced into the test chamber at least 17 
aours before respiration readings were be- 
sun. Each fish was starved for 17 hours 
nefore the test. The temperature through- 
»ut this work ranged from 22° to 29.5° C.; 
nowever, the great majority of the readings 
were taken at 27° C. Since the hydrogen 
(on concentration may affect the metabolism 
of fishes (Wells, 1935), the pH of the test 
water was maintained at 7 in all but a very 
‘ew cases where it was 6.9. 

Tests were planned as listed below on op- 
‘ically intact river fish. 

1. One fish tested in daylight. 

2. One fish tested in total darkness. 

3. Two fish in daylight. 

4. Two fish in total darkness. 

5. Five immature optically intact fish, 
‘otal weight 6.1 g., in daylight. : 

6. Five immature optically intact fish in 
‘otal darkness. 

A similar series of experiments was car- 
cied on with blind cave fish. The length of 
che test period in each case was two hours. 
This time limit was decided upon after car- 
rying on a series of preliminary experiments 
on eyed and on blind specimens, for it was 
found that one hour readings obtained on 
che eyed river fish were too small to be 
ontirely satisfactory but the two hour read- 
ings appeared to be adequate. : 

_A blank test was run with each experl- 
ment in order to determine the biochemical 
jemand of the conditioned water. Each ex- 
periment was repeated ten times and the 
values as finally used represent the means 

f these ten tests. In all 155 tests were 
jade, representing a total of 301 hours 
measured as to oxygen consumption. In all 
nine eyed fish and eight blind fish were em- 
ployed. 
EXPERIMENTAL RESULTS. 

While working with the eyed river fish 

two very distinct and sharply defined phases 


isihsaleeneiaae 
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of behavior were noted; a turbulent fight- 
ing state and a quiescent state. The prob- 
able explanation of this is given in the dis- 
cussion. Oxygen consumption readings were 
obtained on a single fish (No. 1) in both 
the quiet and the excited states. This change, 
over a period of five days, is reflected in 
Table I. This fish continued to be restless 
and in a highly excited state, giving high 
oxygen consumption readings during the 
remainder of this work. 


Effect of darkness on oxygen consumption 
of eyed fish. 

Ten additional tests were performed on 
eyed fish No. 1 in the light and ten tests in 
total darkness. This fish was in an active 
state throughout this series of tests. It was 
the purpose of these experiments to discover 
the extent of activity in the dark. Evidently 
three possibilities are present. Darkness 
could cause the active eyed fish to return to 
the resting state. This would be indicated 
by a lowered oxygen consumption similar 
to the decrease obtained with goldfish by 
Schlaifer (1939). One other possibility is 
that the eyed fish, once unable to see, 


TABLE I. EYED FISH No. 1. 


Transition from quiet to active state 
over a period of five days. 


8.2, = 5.8:em; Wl. =4.4 g: 
Tested in daylight. 


Date Temp. Test ce. 02/1 
F Period Original cc. 02/1 
Hours Sample Consumed 

7/30 7 2; 3.35 A9 
7/30 Pag it 3.14 14 
7/30 PAG 1 4.19 .28 
7/31 26° 2 4.95 76 
T/3t 26° 2 4.95 62 
7/31 26° 1 5.09 Al 
8/1 25.52 2 4.22 1.29 
8/1 25.5° 2 4.05 1.19 
8/1 25.5° 1 4,43 84 
8/1 26° 1 4.36 52 
8/2 252, =2 4,61 1.19 
8/2 25.5° 2 4,22 1.43 
8/2 26° 2 3.91 1.43 
8/3 26° 2 3.63 1.40 
8/3 26° B 3,49 1.18 
8/3 26° 2 3.42 1.33 


would enter into the continuous wandering 
state characteristic of their blind relatives 
as found in blinded specimens by Breder 
and Rasquin (1943), or there finally could 
be the third alternative of no change what- 
soever. The results of 20 oxygen consump- 
tion tests are shown in Table II, which in- 
dicates that less oxygen was consumed in 
the dark. 

Schlaifer (1938) showed that two gold- 
fish living together exhibit what has been 
called the “group effect.” This is a condition 
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TABLE II. EYED FISH No. 1 IN AN 
ACTIVE STATE. 


S. L. = 5.8 em. WT. = 4.4 g. 
All tests run for 2 hours. pH 7 in all cases. 
A. Tested in daylight. 


Date Temp. cc. 02/1 ce. 02/1 
Original Consumed ° 5° 
Sample in 2 Hours 
8/8 25.5° 4.40 1.19 
8/8 26° 4,12 .98 
8/8 262 4,19 .98 
8/9 25.5° 3.70 1.03 
8/9 26° 3.63 1.26 
8/9 26° 3.70 1.12 
8/10 26° 4.12 .98 
8/10 PA 3.91 1.54 
8/10 27° 4.19 98 
8/11 Page 4.19 1.40 
Average 4.02 1.15 


Average B.O.D. = + .08 cc. 02/1 


B. Tested in total darkness. 


8/25 22.02 4.95 .83 
8/25 SRS 5.02 55 
8/27 PMS 4.95 1.46 
8/27 23° 4.75 84 
8/27 23° 4.89 .63 
8/28 23° 4.89 -70 
8/28 24° 4.89 56 
8/28 24° 4.95 -76 
8/29 25° 4.19 1.40 
8/29 26° 4.26 1.47 
Average 4.77 0.92 


Average B.0.D. = + .03 ce. 02/1 


in which animal aggregations either in na- 
ture or in the confines of experimental ap- 
paratus show different physiological re- 
sponses as compared with isolated animals 
of the same species. Escobar, Minahan and 
Shaw (1936), in their discussion of “group 
effect,” point out that this phenomenon has 
been shown for differential growth rates, 
reproductive rates, conditioned learning 
times, locomotor activity, oxygen consump- 
tion rates, etc. Schuett (1933) showed that 
the oxygen consumption of a goldfish is 
higher when isolated in a given volume of 
water than when it is a member of a group 
of four in the same volume of water. Schuett 
(1934) corrected an error in his water anal- 
ysis technique of 1933. Nevertheless conclu- 
sions similar to Schuett’s 1933 work were 
drawn by Schlaifer (1938). In Schlaifer’s 
experiments two goldfish living together 
consumed less oxygen per fish than when 
isolated. Escobar, Minahan and Shaw 
(1936) point out that the lowered oxygen 
consumption of a grouped fish is probably 
due to the fact that the activity of an iso- 
lated animal is greater than the activity of 
the same animal when grouped with other 
fish. Breder and Nigrelli (1938) confirmed 
this latter fact, using larger bodies of water. 
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An attempt was made to measure the oxy- 
gen consumption of two optically intact fish | 
in order to determine whether they too ex- 
hibit the group effect. The animals chosen 
for test were those which were removed from 
the reserve tank and placed in individual 
tanks ten days previous because they were 
in an active fighting state. Throughout the 
tén-day isolation period they remained quiet 
in their respective tanks, resembling those | 
in the quiescent state. They were placed | 
in the respirometer for an acclimatization 
period. Although they were both of approx- 
imately the same size, one fish attacked the 
other and succeeded in killing it. A new pair 
of fish, which had been living in the same 
tank, undisturbed since hatching, was then 
placed in the respirometer. During the ac- 
climatization period they too exhibited fight- 
ing qualities, pecking at and chasing each 
other. Since this was evidently leading to 
destruction, they were separated. Apparent- 
ly the respirometer, which is a 2 liter cham- 
ber, brings the fish into too close confinement 
for them to establish normal social relation-’ 
ships. It was thus impossible to test two 
optically intact river fish in the light by 
means of this device. However, when two 
optically intact fish, which fought in the 
light, were placed in the same respirometer 
in total darkness the destructive activity 
was completely eliminated. They survived 
the four-day test period and at this writing 
are still living. When unable to see, they 
are likewise unable to destroy each other. 
These consumed a mean of 0.87 cc. 0: per 
liter per fish. The results of ten respiratory 
metabolism tests on two optically intact river 
Het in complete darkness are shown in Table 


A single optically intact fish, No. 4, which 


TABLE JIJ. Two EYED FISH, No. 2 AND NO. 
3, IN AN ACTIVE STATE TESTED IN TOTAL 
DARKNESS. 

No: 2: Sch. = 56'em. WT = 42. 

No. 3: S. L. = 6.0 em. WT. = 5.6 g. 


All tests run for 2 hours. pH 7 in all but last 
which was 6.9. 


Date Temp. ce. 02/1 cc. 02/1 
Original Consumed 
Sample 

8/27 23° 5.16 1.25 

8/28 23° 4.89 1.61 

8/28 24° 4,54 1.54 

8/28 24° 4.75 1.29 

8/29 25° 4.54 1.96 

8/29 26° 4.47 1.68 

8/29 Pag bo 4.40 1.54 

8/29 27° 4.72 1.91 

8/30 ho 3.84 2.10 

8/30 Bae 4,26 2.52 ! 

Average 4.56 173= 3 

87 


, per fish 
Average B.0.D. = + .06 ec. 02/1 F 
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jad been living alone since hatching, was 
ested in the respirometer. This fish remain- 
id in the normal quiescent state throughout 
wae test period. It consumed a mean of 0.63 
c. Os per liter in the light and 0.78 cc. 
» per liter in darkness, thus showing an 
erease in consumption. The results of ten 
sts in the light and ten tests in the dark 
rre shown in Table IV. 

Ten tests were performed on five imma- 
lure optically intact fish in the light and ten 
ests in total darkness. It was possible to 
ake such tests in the light because the 
cghting previously mentioned does not ap- 
sear before maturity is reached. They con- 
rumed a mean of 0.22 cc. 0: per liter per fish 
in the light and 0.28 cc. 02 per liter per fish 
in darkness. 


Jffect of darkness on oxygen consumption of 
lind fish. 

The respiratory metabolism of a single 
blind fish was taken in the daylight and in 
yotal darkness. This fish consumed a mean 
ff 1.30 cc. 02 per liter in the light and 1.02 
sc. O2 per liter in darkness. The results of 
en tests in the light and ten tests in the 
ark are shown in Table VI. 

Two blind fish were tested in the respirom- 
ter in daylight and in total darkness. Unlike 


TABLE IV. EYED FISH NO. 4INA 
PASSIVE STATE. 


Soh 5.5m WL. = 3.8525 
All tests run for 2 hours. pH 7 in all cases. 


A. Tested in daylight. 


Date Temp. ec. 02/1 cc. 02/1 
Original Consumed 
Sample 
8/21 au 3.14 63 
8/21 27° 3.42 717 
8/22 ett fe 3.70 “Att 
8/22 27° 3.35 .63 
8/22 27° 3.98 -70 
8/23 26.5° 4.19 A9 
8/23 26.5° 4.95 .60 
8/23 26.5° 4.75 56 
8/24 23° 4.75 -70 
8/24 23° 5.23 AL 
Average 4.15 .63 


Average B.O.D. = + .03 ce. 02/ 
B. Tested in total darkness. 


8/25 22° 5.09 1.04 
8/25 22.5° 5.02 .69 
8/25 22° 5.02 54 

| 8/27 22.5° 5.16 .90 
8/27 23° 4.89 56 
8/27 23° 5.09 62 
8/28 23° 4,95 -76 
8/28 24° 5.16 62 
8/28 24° 4.89 84 
8/29 25° 4,47 17 

_ Average 4.97 73 


Average B.O.D. = + .03 ce. 02/ 
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TABLE V. TESTS ON FIVE IMMATURE 
OPTICALLY INTACT FISH. 


Average S. L. = 3.0 cm. 
Total WT. = 6.1 g. 
All tests run for 2 hours. pH 7 in all cases, 


A. Tested in daylight. 


Date Temp. ce. 02/1 cc. 02/1 
Original Consumed 
Sample 
8/23 26.5° 4.26 .98 
8/23 26.5° 4.68 1.19 
8/23 26.5° 4.61 91 
8/24 AS 4.54 1.05 
8/24 28° 5.16 - 1.46 
8/24 23° 5.51 .90 
8/25 22° 5.16 1.11 
8/25 22.5° 4.95 83 
8/25 22° 5.28 1.25 
8/27 22.5° 5.02 1.18 
Average 4,91 1.09 


Average B.O.D. = + .08 ce. 02/1 
B. Tested in total darkness. 


8/29 272 4,72 1.02 
8/29 27° 4.95 97 
8/30 27° 4,33 1.26 
8/30 ae 4.40 1.33 
8/30 28° 4.75 1.26 
8/30 29° 4,47 1.47 
8/31 28° 4.61 1.75 
8/31 29.5° 4.19 1.33 
8/31 29.5° 3.91 1.40 
9/1 28° 4.19 1.96 
Average 4.45 1.36 


Average B.0.D. = + .03 ec. 02/1 


‘the paired eyed fish they were not at all dis- 


turbed in the 2 liter test jar. They consumed 
a mean of 0.98 cc. 02 per liter per fish in the 
light and 0.93 cc. 02 per liter per fish in dark- 
ness. The results are shown in Table VII. 

Five immature blind fish, approximately 
the same size as the five immature eyed 
fish, were tested in daylight and in complete 
darkness. They consumed a mean of 0.27 cc. 
02 per liter per fish in the light and 0.24 cc. 
02 per liter per fish in darkness. The results 
are shown in Table VIII. 

The minimum, maximum and mean values 
of Tables II to VIII are summarized in Table 
IX. A graphic presentation of the minimum, 
mean and maximum values is made in Text- 
fig. 2. This shows more clearly the relation- 
ships involved. : 


DISCUSSION. 


During the early experiments the eyed 
river fish rested quietly in schools, showing 
no signs of movement other than those neces- 
sary to carry on the respiratory process. 
This quiescent state is normal to this species 
and is described in detail by Breder and 
Gresser (1941la). After several days of ex- 
perimentation the reserve fish in the reser- 
voir tank suddenly lost this quiet aggregat- 
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ing tendency. They chased each other about 
the tank and picked at one another. Their en- 
tire social attitude was altered. A few of 
these fish soon died. On examination it was 
found that the caudal fin was injured in a few 
cases and in others the gills were frayed. The 
remaining fish, which continued chasing one 
another, were separated into 
tanks to prevent further destruction. Noth- 
ing had been added to the tank and nothing 
had been changed. These reserve fish had 
been fed routinely each day. This same phen- 
omenon was noted by Breder (1943) who 
wrote: “This school of fish [Astyanax mea- 
icanus (Filippi) ] grew and fed voraciously, 
showing full vigor until November 1. On 
routine examination of the aquaria it was 
found on the morning of the next day that 
most of the fish were dead and about half 
a dozen, still alive, were huddled in a tight 
school and very evidently in serious diffi- 
culty, showing their darkest phase. Later 
that day they too expired. On examination, 
each fish was seen to have its tail fin at least 
half gone. There was nothing else present in 
the aquarium except sand, aquatic plants 
and an aeration tube. Six other aquaria con- 
taining sibs of these, in greater or less num- 
bers, were all in perfect order as all of them 
had been for months. 

“Whatever happened in this aquarium is 


TABLE VI. BLIND FISH NO. 5. 
Sele b.o.cm.- Wak. a3. 2 
All tests run for 2 hours. pH 7 in all cases. 
A. Tested in daylight. 


Date Temp. ec. 02/1 ce. 02/1 
Original Consumed 
Sample 
8/25 ey 5.16 1.18 
8/25 2225 5.02 1.67 
8/25 22. 4.95 1.11 
8/27 22.5° 5.02 90 
8/27 23° 5.02 4.25 
8/27 Bee 4.89 1.40 
8/28 23° 4.69 1.54 
8/28 24° 4.89 1.40 
8/28 24° 4.68 12 
8/29 25° 4.54 1.40 
Average 4.89 1.30 


Average B.O.D. = + .08 cc. 02/1 
B. Tested in total darkness. 


8/21 PAE 3.49 56 
8/21 alte 3.33 70 
8/22 PAE 3.63 eae 
LAD esta ye 8.35 1.12 
8/22 Dis 3.77 1,26 
8/23 26.5° 4.19 1.40 
8/23 26.5° 4,33 63 
8/23 26.5° 4,95 1.11 
8/24 Pah 4.68 1.26 
8/24 23° Dio 1.40 
Average | 41 1.02 


Average B.O.D. = + .03 ce. 02/1 


m% 


= 


individual,-: 
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TABLE VII. Two BLIND FISH, NO. 6, 
AND No. 7 


No. 6:8. L. =49 cm. WT. = 2.7. 
No. 7: S. L. = 6.0 em. WT. = 4.2 g. 
All tests run for 2 hours. pH 7 in all cases. 
A. Tested in daylight. 


*» Date Temp. ec. 02/1 ec. 02/1 
Original Consumed 
Sample 
8/29 26° 4.47 1.61 
8/29 At 4.82 2.20 
8/29 PAE(S 4.61 1.12 
8/30 27° 4.40 1.82 
8/30 at Si 4.26 1.75 
8/30 28° 4.40 2.24 
8/30 29° 4.26 2.24 
8/31 28° 4,40 2.31 
8/31 29.5° 3.70 2.24 
8/31 29.5° 3.49 1.96 
Average 4.28 1.95 
Average B.O.D. = — .01 cc. 02/1 
B. Tested in total darkness. 
8/22 AYE 3.49 2.30 
8/22 abe 2.79 1.88 
8/22 27° 3.63 2:72 
8/23 26.5° 3.97 2.09 
8/23 26.5° 4.68 1.61 
8/23 26.5° 4.89 1.26 
8/24 23° 4.68 2.03 
8/24 23° 4.89 1.47 
8/24 23° 5.on 1.88 
8/24 23° 5.02 1.32 
Average 4.36 1.86 


Average B.O.D. = + .02 ce. 00/1 


not entirely clear but it evidently triggered 
off something in the nature of a ‘free for 
all’ in which not a single fish triumphed or 
survived. There was no question of lack of | 
food as they had been fed each day, including 
the morning of November 1. Although I have 
had a considerable experience with a wide 
variety of fishes in captivity no such sudden | 
or complete self destruction had been prev- 
lously experienced.” 


fish show that this specimen passed, bet an 
the second and third day, ae the ranires 
eyed fish in the resting stage to the range 
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“ABLE VIII. FIVE IMMATURE BLIND FISH. 
Average S. L. = 3.0 cm. 
Total, Wile 2.1 e 


All tests run for 2 hours. pH 7 in all cases. 
A. Tested in daylight. 
Date Temp. ce. 02/1 ce. 02/1 
Original Consumed 
Sample 
8/17 Pais 3.77 112 
8/17 r¥ & 3.7 1.40 
8/20 26.5° 3.84 84 
8/20 rates 3.56 att 
8/20 rs 3.98 1.05 
8/21 27° 3.49 2.23 
8/21 21° 3.35 2.02 
8/21 rey 3.21 1.68 
8/22 2T° 3.63 1.19 
8/22 27° 3.85 1.33 
Average 3.59 1.36 


Average B.O.D. = + .08 cc. 02/1 
B. Tested in total darkness. 


8/29 26° 4.72 1.23 
8/29 ag fh 4.89 98 
8/29 oT 4.89 -70 
8/30 27° 4.19 91 
8/30 Zi 4.61 1.12 
8/30 28° 4.82 1.19 
8/30 29° 4.61 1.26 
8/31 28° 4.61 1.40 
8/31 29.5° 4.33 1.54 
8/31 rat BS 4.19 1.47 
Average 4.59 1.18 

Average B.O.D. = — .01 cc. 02/1 


aot only other active eyed fish but also to 
that normal to the blind fish. 

The data of Tables ITI and III indicate that 
darkness has a quieting effect on the eyed 
‘ish when they are in the highly active, 
turbulent state, similar to that on the blind 
ish. However, the oxygen consumption 
eeadings in the dark do not reach the low 
values characteristic of these fish in the 
aormal resting state as is shown in Text-fig. 
> , 


Eyed fish No. 4, which remained in the 
‘normal’ quiescent state throughout the 
experiments, on the other hand, consumed 
more oxygen in the dark, as shown in Table 
'V, than in the light. This indicates that the 
syed fish is swimming more actively in the 
dark in the absence of any possible visual 
‘ixation. Apparently the eyed fish, when un- 
able to see, resort to a wandering motion 
characteristic of the blind individuals. 
reder and Rasquin (1943) showed that 
yed river fish in which the optic nerve had 
een severed took on the essential wandering 
havior of the naturally blind fish. One may 
onclude from this that the contrasting loc- 
otor behavior in the genetically related 
ind and eyed fish is a matter of vision and 
lack. Schlaifer (1939) found that an 1so- 
goldfish shows a higher rate of oxygen 


Schlagel & Breder: Oxygen Consumption of Cave Characins 


99 
“=o. 


consumption in the light than in the dark. 
The isolated animal, subjected to no stimuli 
from other fishes, is affected only by the 
change in illumination, and its activity in the 
dark is diminished. The effect of such a 
change in illumination on the eyed characins, 
under similar conditions, is exactly opposite. 
Evidently this difference is rooted in the 
inherent difference between the behavior of 
the two species, the characins normally re- 
maining quiet and the goldfish generally 
moving about. 

Table V shows that five immature optically 
intact fish consume more oxygen in the dark 
than in the light. This agrees with the results 
obtained in Table IV. When these fish are un- 
able to see each other, they are likewise 
unable to form quiescent schools. This loss 
of visual inhibition of activity results in in- 
creased swimming and consequently greater 
oxygen consumption. 

An analysis of the mean oxygen consump- 
tion values of Tables VI, VII, VIII and IX, 
B, for the blind characins shows a definite 
increase in oxygen uptake when these an- 
imals are tested in the light. This is clearly 
shown in Text-fig. 2. The means represent 
60 tests on the blind animals and the day- 
light increase in oxygen consumption is con- 
sistent throughout. Since locomotor activity 
is proportional to oxygen consumption, thus 
evidently swimming speed is greater in the 
daylight.than in the dark. This is consistent 
with the work of Breder and Gresser 
(1941b) who demonstrated by means of a 
gradient trough that the blind fish are 
slightly but significantly negative to light. 

An examination of Text-fig. 2 indicates 
that in the active state the oxygen consump- 
tion values of eyed fish tend to approach that 
of their blind relatives, both in light and in 
darkness. This figure also indicates more 
clearly that light is an extremely important 
factor in determining the locomotor habits 
of the animal. 

Also shown is the behavior of five im- 
mature optically intact fish and five imma- 
ture blind fish. It will be noted that the two 
groups show opposite trends in reference to 
light and darkness. The increased consump- 
tion of the eyed fish in the dark is evidently 
due to a loss of the “group effect.” 

Text-fig. 2 also indicates that when the 
blind fish are tested in groups of two their 
oxygen consumption is lower than when 
tested individually and the difference be- 
tween light and darkness is much less. Breder 
and Rasquin (1943) detected a slight “group 
effect”’ in the blind fish. This point is further 
supported by these lowered oxygen consump- 
tion results. Since the oxygen consumption 
of grouped animals is lowered both in the 
light and in the dark, it indicates that the 
“oroup effect” in the blind animals is due 
to factors other than light sensitivity. Deter- 
mining the nature of these factors is beyond 
the scope of the present paper. 
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Blind Eyed 


TEXT-FIG. 2. Oxygen consumption charts. The graph covering a five-day period is the 
data of Table I in which the hourly readings have been weighted to agree with those 
covering two hours. The large circles connected by a solid line represent the daily mean. 
The small circles connected by dotted lines represent the daily maximum and minimum 
reading. The light and dark circles over “Blind” and “Eyed” represent the mean values 
obtained in light and darkness respectively. In each case they are connected by a solid 
line. The large numerals indicate the number of fish present in the test chamber. The data 


are from Tables II to VIII inclusive. 


The two optically intact and active fish 
tested in darkness and shown in Text-fig. 2 
show less oxygen consumption than the lone 
one. This further supports the fact that eyed 
fish, in the dark, act like their blind relatives. 
The form of blind fish from Cueva de los 
Sabinos in which the optic nerve has dis- 
appeared and which is indifferent to light, 
Breder (1944), would be expected, on that 
basis, to show no change in oxygen consump- 
tion correlated with light and darkness. At 


_ the time the present experiments were made 


no specimens of this form were available. 

A comparison of the various values obtain- 
ed do not yield p values, in most cases, neces- 
sary to establish an unequivocal statistical 
separation. However, the biological and 


statistical validity of these results may be 
checked in a quite different way, the actual 
meaning of the p value check in this case 
indicating that due to the relatively large 
amount of individual variation 20 tests are 
not sufficient to show unequivocally separa- 
tion in that fashion. However, since we 
already know that eyed characins are largely 
quiescent in the light due to the principle 
of optical fixation and when blinded take on 
the active wandering of the normally blind 
fish, it is a foregone conclusion that the 
passive eyed fish would consume more oxy- 
gen in the dark than in the light, which they 
do according to these mean values. Con- 
trariwise the blind and the active eyed fish 
all agree in reducing their oxygen cousiaaa 
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TABLE IX. COMPARISON OF DATA. 


Light 
Eyed No. 4 (quiescent) 


Min. 41 
Aver.  .63 
Max. TA 


Eyed No, 1 (fighting) 


Min. .98 
Aver. 1.15 
Max. 1.54 


Five Immature Eyed 


Min. .83 = (0.17) per fish 
Aver. 1.09 = (0.22) per fish 
Max. 1.46 = (0.29) per fish 


Blind No. 5 


Min. .90 
Aver. 1.30 
Max. 1.67 


Two Blind Nos. 6, 7 


Min. 1.12 = (0.56) per fish 
Aver. 1.95 = (0.98) per fish 
Max. 2.31 = (1.16) per fish 


Five Immature Blind 


Min. -77 = (0.15) per fish 
Aver. 1.36 = (0.27) per fish 
Max. 2.23 = (0.45) per fish 


A. 


B. 


Dark 
Eyed No. 4 


Min. 54 
AVOT OE. Te 
Max. 1.04 — 
Eyed No. 1 


Min. 55 
Aver. .92 
Max. 1.47 


Two Eyed, Nos. 2, 3 


Min. 1.19= tev) per fish 
Aver. 1.73 = (0.87) per fish 
Max. 2.52 = (1.26) per fish 


Five Immature Eyed 


Min. .97 = (0.19) per fish 
Aver. 1.38 = (0.28) per fish 
Max. 1.96 = (0.39) per fish 


Blind No, 5 


Min. 56 
Aver. 1.02 
Max. 1.40 


Two Blind Nos, 6, 7 


Min. 1.26= (0.63) per fish 
Aver. 1.86 = (0.93) per fish 
Max. 2.72 = (1.36) per fish 


Five Immature Blind 


“Min.  .70 = (0.14) per fish 


Aver. 1.18 = (0.24) per fish 


. Max. 1.54= (0.31) esos : 


~ 
e —— 


> — 


Comparison of mean values. 
Eivures 4 in ia: represent the average per fish of specimens in groups. 


Bee a a nee EYED 
Fish No. “Light Ree Steg Difference Pee 
. 4 a4 $2 , 0.63 ry : y ye peas +010 — wie 
Sealaced: Leodeld A 7: eee ; n 
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tion in dark. Since there are six separate 
sets of paired experiments in each case the 
random chance of reaching this agreement 
is of inconsequential size. Furthermore, 
there is an acceptable value for p when the 
passive eyed fish are compared with either 
the active eyed and the blind fish and of 


course with the juveniles, on a size basis., _ 


Hyman (1940) discusses at length the fact 
that many types of invertebrates show nega- 
tive phototaxis. A brief survey of inverte- 
brate classes as discussed by Hyman shows 
that (1) non-green protozoa are negative to 
light, (2) many medusae indicate perception 
of light intensity by avoidance of bright sun- 
light. They appear at the surface in the 
morning or late afternoon and descend in 
midday. Clouding of the sky may bring them 
to the surface at any time. (3) Light ac- 
celerates the pulsation rate in normal speci- 
mens of Aurelia but has no such action after 
extirpation of the eye spots. (4) Many hy- 
dromedusae are indifferent to light, but 
some have definite responses, accelerating 
their swimming and exhibiting increased 
activity in the daylight although avoiding 
direct sunlight. The blind characins exhibit 
reactions to light which would seem to be 
not dissimilar in a broad sense, especially in 
reference to item 4. 

The negative phototaxis exhibited by the 
blind characins, characterized by an in- 
creased oxygen consumption and increased 
swimming speed, would seem to be a factor 
leading to cave entry. Since the blind fish 
swim faster in the light than in the dark, they 
would automatically gravitate to dark places 
such as caves and tend to stay there, con- 
sidering only the mechanical results of 
such reactions. Since the opposite is true of 
the eyed fish when in the normal non-fighting 
condition, they in turn, on the same basis, 
would tend to stay out of caves. 

Obviously in a state of nature the situa- 
tion would involve many other factors. Thus 
the coming of night would equalize the light 
differential within and without caves. This 
in fact may be an important effect in the 


entry of eyed fishes into caves with a sub- ’ 


sequent inability to find their way out. The 
presence of predators in the outside waters 
and their evident absence in caves and num- 
erous other factors increase the complica- 
tions to be expected in a state of nature but 
do not override the basic importance of the 
differentials in locomotor behavior between 
ips aed and the blind fish as here demon- 
strated. 


SUMMARY. 

_l. The eyed river fish exhibit two very 
distinct phases of behavior, a turbulent fight- 
ing state and a quiescent state. 

2. In light the blind cave fish, due to a 
constant wandering activity, consume more 
oxygen than eyed river fish, when the latter 
are In a quiescent schooling state. 
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3. In total darkness, eyed fish in the 
resting state increase their oxygen consump- 
tion to a point where it approaches that of 
the blind fish. The above is interpreted to 
indicate that eyed fish assume the wander- 
ing behavior of the blind animals when in the 
dark. 

4, Eyed fish in the highly active state con- 


‘sume less oxygen in the dark than in the 


light. The decreased oxygen consumption in 
the dark approaches the values obtained for 
the blind fish. ; 

5. The contrasting locomotor behavior of 
the eyed and blind fish, as evidenced by their 
differential locomotor activity, is clearly 
based on vision and its lack. . 

6. The blind fish consume more oxygen in 
the light than in the dark. This indicates a 
greater swimming speed in the light which 
would tend to cause these fish to spend more 
time in the dark. This would seem to be 2 
factor in cave entry and cave retention. The 
eyed fish, when in the non-fighting condition, 
show opposite effects with an opposite re- 
lationship to cave entry. 

7. Two blind fish, in a given volume of 
water, consume less oxygen than when tested 
individually in the same volume of water 
thus evidencing the “group effect” common 
to other forms and indicating the extent of 
these effects on each other. 

8. It is impossible to test two optically 
intact fish in the same chamber, since they 
destroy each other, evidently because of too 
great a constrained association. 
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